The heat resistance and growth possibilities of various members of the Micrococcaceae in egg yolk and egg yolk with added salt were determined. Egg yolk alone protected members of the Micrococcaceae considerably against heat. Whereas in water Staphylococcus aureus S6 had a decimal reduction time (D) value of 66 s at 55°C, its D value in egg yolk at the same temperature was 246 s. In salted egg yolk (water activity, 0.95), S. aureus S6 had a D value of 180 s at 66°C and was largely inactivated during the pasteurization processes currently applied. Micrococcus saprophyticus and S. epidermidis (D value of each under the same conditions, 390 s) could survive such treatments to a certain extent and can thus spoil commercial egg yolk.
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Pasteurization of whole eggs or egg yolk is legally required in many countries, mainly because of the high risk of contamination with members of the Enterobacteriaceae, including Salmonella spp., and members of the Micrococcaceae (proposed pasteurization conditions for whole eggs, egg yolk, and salted egg yolk: 61 to 63°C for 1.75 to 6.2 min). However, when pasteurization is carried out at too high a temperature (>70'C), some functional properties of egg yolk, such as emulsifying capacity, are at least partly lost.
A common method for stabilizing pasteurized egg yolk against the outgrowth of various types of bacteria is the addition of a large amount of salt or a combination of a lower amount of salt and preservatives. It is well known that members of the Enterobacteriaceae cannot grow in medium with more than 8% salt (5). Staphylococci and micrococci, however, can grow at relatively high salt concentrations (2) . Therefore, we studied the heat resistance of members of the Micrococcaceae, especially Staphylococcus aureus and S. epidermidis, in egg yolk with various amounts of salt added. We also studied the growth of members of the Micrococcaceae in egg yolk with various amounts of salt and with a combination of salt and potassium sorbate. (a,) of the heating medium was measured with a Sinascope (type SMT-B; Sina AG, Zurich, Switzerland) at 25°C. We then added 0.3 ml of the cell suspension to 30 ml of the same heated menstruum and thoroughly mixed the two. The temperature of the heating menstruum was controlled within 0.25°C. During heating, the menstruum was incubated under static conditions. At preset intervals, 1 ml of the heating menstruum was removed and suspended into 9 ml of diluent containing 1 g of peptone (Difco) and 8.5 g of sodium chloride per liter.
The experiments were carried out at least twice, and the numbers of surviving microorganisms were determined in duplicate by dissemination of appropriate serial decimal dilutions into brain heart infusion agar. Colonies were counted after 3 days of incubation at 30°C. In the growth experiments, the number of cells was determined in the same way. The the Micrococcaceae inactivation curves had quite irregular shapes. Notable shoulder phases, tail phases, or both were nearly always found (Fig. 1) , although we did not find the tail phases very pronounced, as was found in previous heating experiments with S. epidermidis in sucrose solutions (8) . To compare k values, we always used the logarithmic parts of the inactivation curves to calculate decimal reduction time (D) and k values. The D values for S. aureus S6 in water were slightly lower than those found by Walker and Harmon (9) for the organism in phosphate buffer. That Walker and Harmon did not observe the shoulder phases we noticed can probably be explained by the fact that their sampling intervals were considerably longer than ours. Neglecting the shoulder phase will result in a D value of the logarithmic part of the inactivation curve that is slightly too high.
When S. epidermidis was heated in egg yolk
with the highest salt level tested (1.83 M NaCl), 2.37 (Fig. 2) . The value a was intr Corry (3) to relate heat resistance inc solute concentration. Compared with ously reported a value of about 0.9 inactivation of S. epidermidis in suc tions (8) , the a value for the organism rather high, indicating a great depe heat resistance on salt concentratic dependence has been found for Salm (3), Citrobacter freundii (7), and pneumoniae (6) . Heat inactivation of S. epidermidis media at a wide range of temperatures rized in Fig. 3 ; Table 2 gives the energies (Ea values) of these reaction Ea value very often decreases when concentration is increased (4, 6-8), tl of egg yolk protects the cells more ef low temperatures than at higher ten In addition, the difference between ti The rather high Ea values for members of the Micrococcaceae heated in salted egg yolk indicate that a short, high-temperature pasteurization seems to be more adequate for preventing Micrococcaceae spoilage of salted egg yolk than are the currently used processes. This has also been suggested in regard to heat inactivation of S. epidermidis in sucrose solutions (9) . Egg yolk stabilization can be achieved by addition of 7% salt-1% potassium sorbate or by storage below 80C.
